Abstract. Results of 13 C-NMR experiments on charge ordering in non-dimerized BEDT-TTF salts are discussed. It has been experimentally confirmed in θ-(ET) 2 RbZn(SCN) 4 that charge disproportionation already develops well above the metal-insulator transition temperature while no long-range charge order is stabilized. Dynamics of the charge fluctuations has been determined in this salt and compared with the situations in α-(ET) 2 I 3 . This result seems to require a serious reconsideration of the transport properties in the metallic state.
INTRODUCTION
Recently, charge ordering has become an important keyword to understand the low temperature properties of organic conductors. The charge ordering is a phenomenon that manifests the importance of Coulomb interaction between conduction electrons [1] [2] . In a half-filled system, it is well known that on-site Coulomb interaction stabilizes the so-called Mott-Hubbard type insulating state. In this state charges are localized one by one at each site, and usually the localized spins are (antiferro)magnetically ordered at low temperatures.
In a quarter-filled system, on the other hand, this Mott-Hubbard mechanism does not work in principle. Most of the organic conductors are 2:1 salts with monovalent anion and thus expected to be 2D metals with a quarter-filled band. However, many quarter-filled systems undergo a metalinsulator (MI) transition at low temperatures, the origin of which had not been clarified well. It has recently been established that many insulating states in quarter-filled systems are accompanied by a charge ordering with large charge disproportionation in conducting layers.
The first observation of charge ordering in organic quarter-filled system was reported for a quasione dimensional (q-1D) conductor, (DI-DCNQI) 2 Ag [3] . The authors claimed that it is due to a Wigner crystallization expected when intersite Coulomb interaction, V, is important. Similar situation was suggested in (TMTTF) 2 Br by an analysis of 1 H-NMR lineshape in SDW state [4] and by a precise analysis of EPR linewidth [5] . Later, it has been observed that (TMTTF) 2 PF 6 exhibits another type of charge ordering below the so-called structure-less transition [6] [7] .
Charge orderings in 2D organic conductors were observed in BEDT-TTF-based salts. In the salts with strong dimerization of BEDT-TTF molecules, such as β-and κ-phase salts, the system are effectively half-filled (one carrier per dimer). On the other hand, in the salts with small or no dimerization, such as α-(BEDT-TTF) 2 I 3 and θ-(BEDT-TTF) 2 MM'(SCN) 4 (M = Rb, Cs, M' = Zn, Co), it has been confirmed that the MI transitions are accompanied by charge ordering with strong charge disproportionation [8] [9] . It should be noted that the existence of charge ordered state in quarter-filled BEDT-TF system had been predicted theoretically [1] [2] . The experimental confirmation of CO evidences a great achievement of our understanding of the physics in the molecular conductors. Now, another feature of the phenomenon of charge order has been highlighted. We have confirmed that charge disproportionation already develops well above the MI transition temperature, T MI , while no long-range charge order is stabilized [10] . We believe that this observation requires us a serious reconsideration of the metallic state above T MI . In this report, we will focus on the charge disproportionation in θ-(BEDT-TTF) 2 RbZn(SCN) 4 above T MI and discuss their dynamical features based on the results of 13 C-NMR measurements. They are compared with the situations in α-(BEDT-TTF) 2 I 3 , which is reported elsewhere in this symposium. 4 Charge ordering below T MI in θ-(ET) 2 RbZn(SCN) 4 was demonstrated by a drastic change in 13 C-NMR lineshape, as shown in Fig. 1 ; sharp peaks and broader tail component suddenly appeared below T MI and were attributed to charge-poor and charge-rich sites, respectively.
CHARGE DISPROPORTIONATION ABOVE T MI IN T-(ET) 2 RBZN(SCN)
In addition, it was also noticed that 13 C-NMR was extremely broadened as temperature approaches T MI from above, while the lineshape at room temperature was composed of well-resolved sharp peaks just as expected from molecular alignments. Clear explanation of this unusual broadening has been given by the analysis of the angular dependence of 13 C-NMR linewidth [10] . We found that the angular dependence of the 2nd moment <∆ω 2 > is proportional to the square of Knight shift, K 2 . It means that the excess broadening is caused by the inhomogeneity of Knight shift. This is a clear evidence of the existence of large charge disproportionation above T MI . The observed excess broadening is about 60 ppm just above T MI , which corresponds to a charge disproportionation of about +0.3 ~ +0.7. It should be noted that the charge inhomogeneity is almost static (fluctuation frequency should be less than 5 kHz); if the charged inhomogeneity fluctuates more rapidly in time, the inhomogeneous width should have been motionally-narrowed. The inhomogeneous broadening is strongly temperature dependent, as seen in Fig.1 . Questions are how fast the charges are fluctuating and what is its temperature dependence. In order to address these issues, we have performed the measurements of 13 C-NMR echo decay, which gives a homogeneous linewidth, 1/T 2 , in comparison to the inhomogeneous width. External field was rotated in the ab-plane to make the magic angle with the central 13 C doublebond in order to minimize the nuclear dipolar coupling between them. The echo was detected with π/2-τ-π pulse pairs and the decay curve was determined as a function of pulse separation, τ. Decay
dependence with a large reduction around 250 K. Since a rapid decay corresponds to a broad linewidth, the homogeneous width shows a peak anomaly around 250 K. This feature is understood as the results of dynamics of charge inhomogeneity, as follows. At low temperatures, the inhomogeneity of hyperfine field, <∆ω 2 > inh 1/2 , is almost static within the time scale of 1/<∆ω 2 > inh 1/2 . Here the homogeneous width is determined mainly by dipolar coupling with surrounding nuclei. Since the external field was tuned at magic angle, the intrinsic homogeneous width is expected to be negligibly small. As temperature increases, fluctuations of the inhomogeneous field produces an excess (homogeneous) width ~ 1/τ c , where τ c is the correlation time of fluctuations. The peak of homogeneous width should appear at a temperature, where <∆ω 2 > inh 1/2 τ c ~ 1 is satisfied. As temperature increases further, the inhomogeneity is effectively averaged out in time, due to the socalled motional narrowing effect. At high temperatures, the homogeneous width is given as <∆ω 2 > inh τ c . Assuming an Arrhenius-type temperature dependence for τ c , τ c ~ exp(-∆/k B T), activation energy is estimated as ∆/k B ~ 2500K. Details of the analysis will be published elsewhere. This result is the first direct evidence of the dynamic nature of charge disproportionation in organic conductors. It confirms the existence of large and extremely slow charge disproportionation above the metal-insulator transition temperature. This gives rise to a serious question whether the socalled metallic state above T MI is really metallic, which is discussed later.
CHARGE DISPROPORTIONATION IN THE METALLIC STATE OF D-(BEDT-TTF) 2 I 3
We recently clarified that the insulating state of α-(ET) 2 I 3 below the MI transition temperature, T MI , is also a charge-ordered (CO) state with an alternative arrangement of charge rich site and poor site along the a-axis. In addition, we found that a charge (spin) disproportination (CD) exists even above T MI , from the analysis of the angular dependence of 13 C-NMR spectrum. The degree of CD was estimated as 0.55:0.45 (A, C: A, B) at 200 K [11] . An important question is whether this CD is some precursor effect of the CO below T MI or simply due to the site dependence in partial occupation of molecular orbits. We expected that temperature dependence of the degree of CD should give some information to address this question, and performed the same NMR measurements at several different temperatures above T MI .
Since this work is presented elsewhere in this symposium [12] , here we just summarize the main results as follows: We have performed precise measurements of the angular dependence of We thus conclude that CD exists above T MI and develops appreciably as temperature approaches T MI . This remarkable temperature dependence of CD seems to rule out the possibility that it might be simply due to the site dependence in partial occupation of HOMO orbital. We rather expect that a charge ordering has partially developed even above T MI and that the so-called metallic phase is not a standard metal.
COMPARISON BETWEEN T-RBZN(SCN) 4 AND D-I 3 SALTS
It has been clearly confirmed that charge disproportionations have already developed above T MI both in α-(ET) 2 I 3 and θ-(ET) 2 RbZn(SCN) 4 . However, they exhibit different features between these two salts. While in the α-(ET) 2 I 3 , charge disproportionation with stripe structure develops as temperature approaches T MI , in the θ-(ET) 2 RbZn(SCN) 4 , only short-range charge ordering with extremely slow fluctuations has been observed. This difference is probably related to the difference in lattice symmetry. In the θ-phase salt, degeneracy of different types of charge orders has been suggested, which reflects the higher symmetry in molecular arrangement in this salt. This may be relevant to the observed slow charge fluctuations. On the contrary, in the α-phase salt, the B and C molecules stacking with each other are not crystallographically equivalent; stripes with a proper relation to the lattice may be preferentially selected.
More serious question is whether the metallic states above T MI is really metallic when such large and almost static charge disproportionations have developed. Recently, measurements of dielectric constant of θ-(ET) 2 RbZn(SCN) 4 have been carried out [13] . The authors have found Debye-type dielectric relaxation even above T MI , suggesting that insulating and metallic phases coexist in the metallic state. It is noteworthy that resistivity in the metallic state of both salts is almost constant in temperature.
Another question is the origin of the metal-insulator transition in these salts. A simple picture of the transition from a metallic state with homogeneous charge to a charge-ordered state has been ruled out, since short-range charge order is already developed above T MI . The observed first order transition may be due to a coupling of the charge order with lattice degree of freedom.
CONCLUSION
We have confirmed that in θ-(ET) 2 RbZn(SCN) 4 charge disproportionation already develops well above the metal-insulator transition temperature while no long-range charge order is stabilized. Dynamics of the charge fluctuations has been first determined in this salt through 13C-NMR echo decay measurements. They were compared with those observed in α-(ET) 2 I 3 . We expect that the socalled metallic phases in both salts should not be a standard metal. To confirm this speculation, further information is required.
